Background Malnutrition and cachexia are frequent among head and neck cancer (HNC) patients and these syndromes are associated with both poor quality of life and unfavorable disease prognosis. Unfortunately, there are still no established biomarkers that could predict the development of cachexia. Among potential molecular alterations related to cancer cachexia, there are single-nucleotide polymorphisms (SNPs) within genes encoding pro-inflammatory cytokines such as TNF-α. The aim of the study To investigate TNF-α −1031T/C SNP as a risk factor of cachexia in 62 HNC patients subjected to radiotherapy. DNA was isolated from whole blood samples and genotyping was conducted using real-time PCR method by means of TaqMan SNP Genotyping Assay. TNF-alpha Human ELISA Kit was used to determine TNF-α concentration in each extracted plasma sample. Moreover, the relationship between genotype variants of TNF-α and plasma level of TNF-α was examined. Detailed clinical-demographic and nutritional data were collected from each study participant. Results CC genotype carriers were at a significantly higher risk of being qualified as cachectic compared with other genotype carriers (p = 0.044; HR = 3.724). Subjects, who carried CC genotype had significantly lower body mass compared to patients with TT and CT genotype (p = 0.045). Moreover, CC individuals had the highest TNF-α plasma level (median 10.70 ± 0.72 pg/mL, p = 0.006) among the studied cases. We also noted, that CC genotype carriers had significantly higher risk of early death incidence compared to other genotype carriers [overall survival (OS): 28 vs 38 months (HR = 3.630, p = 0.013)]. Conclusion Despite the differences between SGA and NRS scoring, the presence of CC genotype could be a useful objective marker allowing for the prediction of cachexia development in both parenterally nourished and non-parenterally nourished patients. Patients with CC genotype had also the highest risk of early death incidence; therefore, such individuals should be qualified for parenteral nutrition and supportive care at the time of diagnosis to improve further therapy outcomes. Moreover, this is the first study demonstrating the relationship between TNF-α −1031T/C polymorphism and plasma level of TNF-α. This is also the first paper investigating the role of TNF-α −1031T/C in cancer cachexia.
Introduction
The majority of head and neck cancers (HNC) represent a heterogeneous group of squamous-cell-type tumors located in the area of upper aerodigestive tract mucosa.
HNC is the sixth most common cancer worldwide with approximately 600,000 new cases diagnosed annually resulting in more than 350,000 deaths every year (Siegel et al. 2016; Sanderson and Ironside 2002) . The anatomic location of the tumor usually impedes or inhibits proper patient nutrition; hence, problems with proper ingestion are noted in even up to 50% of HNC patients. In such individuals, undernutrition is frequently present at the time of diagnosis and it can be the first observable symptom of the disease. Despite the fact that most HNC patients undergo radical surgery, radiotherapy, chemotherapy or a combination of these methods, they experience side-effects of the 1 3 applied therapy, which further contribute to the development of malnutrition (44-88% of HNC patients) (O'Neill and Shaha 2011; Alshadwi et al. 2013; Unsal et al. 2006) . Moreover, both malnutrition and noted nutritional deficits have a significant negative impact on the patients' quality of life and contribute to higher cancer mortality rate. The following symptoms are frequently observed in HNC patients: dysphagia, anorexia, fatigue, and muscle weakness secondary to cancer cachexia. Cachexia is a complex multifactorial syndrome strongly associated with severe metabolic abnormalities characterized by skeletal muscle loss and increased lipolysis that cause weight loss of various degrees. Cachexia is usually accompanied by anorexia and related to overproduction of pro-inflammatory cytokines, such as interleukins and tumor necrosis factor (TNF). The above-mentioned fact emphasizes crucial role of the inflammatory response in the pathogenesis of cachexia (Alshadwi et al. 2013; Gorenc et al. 2015; Ravasco et al. 2003; Tisdale 2009 ). Currently, the molecular background of cachexia is still unknown, and therefore, it is difficult to identify patients who are likely to be cachectic.
Among potential mechanisms involved in the development of cachexia, the primary initial process is probably the systemic inflammatory response followed by increased production of pro-inflammatory cytokines, such as TNF-α. Multiple biological activities of TNF-α were found in numerous physiological states, including the regulation of cell differentiation, proliferation, apoptosis and metabolism (Locksley et al. 2001; Bazzoni and Beutler 1996) . On the other hand, TNF-α was also recognized as a significant regulator of both inflammatory and autoimmune diseases and, moreover, it was implicated in inflammatory-associated tumors and the development of cachexia (Gorenc et al. 2015; Beutler 1999) . Up until now, several functional single-nucleotide polymorphisms (SNPs) within TNF-α gene have been identified and described as cancer related genetic alterations. The most important ones seem to be SNPs located within the promoter of TNF-α because of their ability to regulate gene expression and, consequently, the expression of the TNF-α protein. Among frequently investigated SNPs, the -308 G/A and -238 G/A are potentially involved in tumor aggressiveness, prognosis and risk of malnutrition (Hajeer and Hutchinson 2000; Liu et al. 2005; Hu et al. 2014) . There are only few data concerning the role of TNF-α −1031T/C SNP (rs1799964) in the regulation of systemic inflammatory response; however, the latest studies have demonstrated the role of this SNP as cachexia related genetic alteration (Johns et al. 2017; Nourian et al. 2017) . The significant role of the systemic inflammatory response mediated by TNF-α in the etiopathology of cachexia encourages investigating SNPs of TNF-α as cachexia related risk factors. The aim of the study was the investigation of TNF-α −1031T/C as a cachexia risk factor as well as the assessment of the correlation between TNF-α −1031T/C and plasma TNF-α concentration in HNC patients.
Materials and methods

Study group
62 HNC therapy naive patients scheduled to radical radiotherapy (RTH) (51 male and 11 female; median age: 63 ± 8.2 years) were enrolled in the study group. All patients were diagnosed and treated between 2014 and 2015 at the Department of Oncology, Medical University of Lublin. In the studied individuals, alcohol consumption level was evaluated using International Statistical Classification of Diseases and Related Health Problems (ICD). The 7th edition of TNM scale was used to assess the disease stage. The patients' performance status was assessed according to the Eastern Cooperative Oncology Group-World Health Organization (ECOG-WHO) scale (from 0 to 5; with 0 denoting perfect health and 5 deaths). ECOG-WHO scale assesses how a patient's disease is progressing and how the disease affects the daily living capabilities of the patient. The detailed clinical and demographic characteristics of the patients are summarized in Table 1 . The ONCOR (Siemens) linear accelerator was applied for the radical radiotherapy with the administration of the total doses of 66-70 Gy (daily dose of 2 Gy using IMRT technique).
Nutritional status of the studied patients was estimated using Subjective Global Assessment (SGA) scale prior to hospitalization (during physical examination). The SGA evaluation included: weight history, food intake, gastrointestinal symptoms and changes in functional capacity as well as physical examination. The above-mentioned features were classified as follows: normal (0 score), mild (1+), moderate (2+) or severe (3+). Moreover, all patients were evaluated with the use of NRS (Nutritional Risk Score, NRS 2002) , which takes into account the deterioration of nutritional status, the severity of the disease and patient age. The other studied parameters related to the assessment of the nutritional status were as follows: BMI (Body Mass Index) and laboratory test results (total serum protein, albumin, transferrin and prealbumin levels) [BMI, total protein and albumin were tested before the commencement of therapy (I) and after the termination of therapy (VII)]. Summarizing patients' score and the results of both laboratory tests and physical examination, the patients' nutritional status was defined. We divided patients into three groups: wellnourished (A), moderately malnourished (B) and severely malnourished (C) according to SGA scale. For the purpose of statistical analysis, we compared the SGA-A vs SGA-B and C as well as SGA-A and B vs SGA-C groups. Moreover, patients assigned to B or C groups were considered as a pre-cachectic or cachectic, respectively. All patients were consulted by a medical professional, who reviewed the SGA score with the patient to obtain answers to all questions regarding nutritional status (PG-SGA; Patient-Generated Subjective Global Assessment) and also completed physical examination to assess muscle wasting, loss of body fat and the presence of ankle and sacral edema and ascites.
The study was approved by the Bioethical Commission of the Medical University of Lublin (KE-0254/232/2014). All patients signed an informed consent prior to the study.
Genotyping and ELISA
DNA was isolated from whole blood samples using DNA Blood Mini Kit (Qiagen, Canada). Genotyping was conducted using real-time PCR method and TaqMan SNP genotyping assay with allele discriminating software. The TaqMan fluorescently labeled probes (Applied Biosystems, USA) targeting the studied TNF-α SNP and Genotyping Master Mix (ThermoFisherScientific, USA) were used for DNA amplification in the StepOnePlus Real-Time PCR System (Applied Biosystems, USA). All genotyping steps were conducted under the conditions of protocol provided by the manufacturer. Plasma TNF-α level was measured using TNF alpha Human ELISA Kit Ultrasensitive (Thermo Fisher Scientific, USA). The detection range was 0.2-32 pg/mL and the sensitivity was equal to the minimal detectable dose of this kit (< 0.09 pg/mL).
Statistical analysis
Statistical analysis was conducted using MedCalc software version 12.7 (MedCalc Software, Belgium). The Fisher's exact test and Chi-squared test were used to compare the distribution of clinical-demographic and nutritional factors among patients with different genotypes of TNF-α. Odds ratio (OR) with 95% Confidence Interval (95% CI) test was applied to assess risk of both genetic and clinical-demographic factors on nutritional status of patients. The differences in the analyzed factors among patients with different nutritional status and different TNF-α genotypes were analyzed by U Mann-Whitney rank sum test and ANOVA Kruskal-Wallis test. One-way analysis of variance (one-way ANOVA) was used to test the difference between the means of several subgroups of a variable. Prior to the ANOVA test, Levene's test for equality of variances was performed. If the ANOVA test was positive (p < 0.05); then, a post hoc test (Student-Newman-Keuls' test) was conducted for pairwise comparison of subgroups. Kaplan-Meier estimator and Cox-regression model were applied to assess factors [with hazard ratio calculation (HR)] affecting patients' survival. The results with over median score were considered as high, whereas these below median range were assessed as low. Results with p value of less than 0.05 were considered as statistically significant.
Results
The following distribution of TNF-α −1031T/C was achieved in the study group: CC in 6 patients (9.7% of the study group), CT in 19 patients (30.6%) and TT in 37 patients (59.7%), respectively. Distribution of −1031T/C genotype was within the Hardy-Weinberg equilibrium (p = 0.150). The median concentration of plasma TNF-α in the whole studied group was 9.62 ± 1.59 pg/mL.
First, we assessed the factors affecting the risk of malnutrition or cachexia according to SGA scale. We found that patients with performance status (PS) score greater than or equal to 1 point according to ECOG-WHO scale who simultaneously demonstrated weight loss of at least 5% of total body mass (BM) or carried CC genotype had higher risk of being assessed as cachectic compared to other cases (p = 0.019; OR = 3.724 and p = 0.044; OR = 9.737, respectively). C allele carriers (CC or CT genotype) also had over 13-fold higher risk to be assigned to SGA-C group compared to TT homozygous subjects (p = 0.0001). The factors affecting the risk of either malnutrition or cachexia are presented in Table 2 . Subsequently, we divided patients into two groups regarding the use of parenteral nutrition intervention [parenterally nourished patients (PN) and patients without parenteral nutrition (WPN)], and then, we compared the distribution of nutritional and genetic factors between the studied cases. SGA-C patients were more often parenterally treated compared with SGA-A and/or SGA-B patients (p = 0.045). During the course of RTH, the PN patients increased their BM and BMI compared to WPN cases (p = 0.015 and p = 0.030, respectively) and also had significantly higher total plasma protein (TP) concentration (p = 0.043). As regards the examined factors, PN subjects had significantly higher TNF-α plasma concentration (p = 0.015) and more frequently carried CC genotype (4 patients; p = 0.015) (Supplementary file 1).
Secondly, we examined the distribution of TNF-α genotype according to both clinical-demographic and nutritional factors in the studied patients. We did not find any correlation between clinical-demographic features and the studied SNP (Supplementary file 2); however, we noted a correlation between the distribution of TNF-α SNP and the nutritional status of the studied patients. The subjects who carried CC genotype had significantly lower BM compared with both TT and CT genotype carriers (p = 0.045). A similar trend was observed in patients with the presence of C allele (CC or CT) compared to homozygous TT subjects (p = 0.044; median: 58 vs 64 kg, respectively). Moreover, homozygous CC subjects had the lowest plasma TP and albumin concentration among the studied patients (p = 0.036 and p = 0.048, respectively). Similar results were observed in patients with C allele positivity compared with TT carriers. Moreover, CC patients had the highest TNF-α plasma level (median: 10.70 ± 0.72 pg/mL, p = 0.006) among studied cases. CC and CT cases analyzed together had significantly higher TNF-α concentration compared to TT patients (p = 0.0015; median 9.98 vs 9.08 pg/mL, respectively). Genotype distribution of TNF-α −1031T/C according to patients' nutritional factors is shown in Table 3 . Similar results were obtained for comparison of means. However, this way of analysis was more powerful in discriminating CC genotype as unfavorable factor affecting the nutritional status of the studied patients (Table 4) . We also examined the effect of studied polymorphism on the nutritional status of the studied group including separate analysis for PN and WPN patients (Table 5) . Patients with CC genotype and patients with either CC or CT genotype (C allele carriers) were at a significantly higher Weight loss (I vs VII) All patients risk of developing cachexia compared to other patients (p = 0.044; OR = 9.737 and p = 0.0001; OR = 13.29, respectively). This correlation with C allele positivity was also observed in PN and WPN patients (p = 0.003; OR = 7.714, p = 0.023; OR = 51.0, respectively). Moreover, homozygous CC were at an over 38-fold higher risk of scoring 3 or 4 points according to NRS compared to other genotype carriers (p = 0.015). C allele positivity also assigned both PN and WPN patients to higher NRS scoring. During the therapy, CC subjects had a significantly higher risk of BMI reduction (< 18.5) compared to CT and TT patients (p = 0.030; OR = 44.33 and p = 0.006; OR = 23.0).
Finally, we examined the impact of both nutritional and studied factors on patients' survival. Patients carrying CC genotype had significantly higher risk of early death and they also demonstrated significantly shorter overall survival (OS) .55]), p = 0.013)] compared to other genotype carriers (Fig. 1a) . Analyzing OS for C allele carriers, similar results were observed compared to homozygous TT subjects. CC and CT patients analyzed together had significantly shorter OS compared to TT patients (median OS: 31 vs 38 months; HR = 2.508 [1.004-6.267], p = 0.0395) (Fig. 1b) . Factors affecting patients' survival are summarized in Table 6 . Cox-regression model including all the patients' data (demographic, clinical, nutritional and genetic factors) discriminated PS and CC genotype of TNF-α as most significant factors affecting lower OS in the study group (overall model fit p = 0.011) ( Table 6 ).
Discussion
Malnutrition and cachexia are common among HNC patients and contribute to reduction of the quality of patients' life, poorer therapy outcomes and higher risk of early death. Despite the recent advances in nutritional management, the molecular background of cancer cachexia is still disputable. The investigation of genetic factors, such as SNPs within genes encoding the proteins that regulate the inflammatory response still seems to be an attractive option for the selection of patients with high risk of malnutrition.
TNF-α is a pro-cachectic factor participating in the recruitment of inflammatory cells that subsequently considerably contribute to the degradation of muscle tissue proteins. TNF-α also increases gluconeogenesis and 3-fold higher susceptibility and higher TNF-α levels in studied patients, respectively. Moreover, the presence of A allele positivity of -308G/A was associated with 2.3-fold higher risk of malnutrition compared to homozygous GG subjects. As regards -238 AA genotype, it was associated with 2.5-fold higher risk of death (Sarma et al. 2013) . In another study concerning HNC patients, the AA haplotype of -308 G/A was associated with worse prognosis of the disease, shorter overall survival time and increased aggressiveness of the disease. According to the authors, the unfavorable cancer prognosis can be related to TNF-α protein level (Corrêaa et al. 2011) . Recent large study performed by Johns et al. examined over 100 SNPs within genes related to cancer cachexia, and these molecular alterations were associated with both weight loss and muscle wasting in about 1200 studied individuals. Basing on a study set, the new cachexia related SNPs were revealed, and among them the TNF-α −1031T/C (Johns et al. 2017) . The contribution of that SNP to the risk of cancer cachexia is still unknown; however, the results of the latest studies conducted in patients with various diseases demonstrated significant role of the discussed SNP in the mediation of systemic inflammatory response. Hernandez et al. conducted a systemic review followed by meta-analysis concerning TNF-α polymorphisms as the inflammatory markers of cardiovascular heart disease. The authors selected −1031T/C SNP as a risk factor of cardiovascular incidents (Hernández-Díaz et al. 2015) . In Fig. 1 Impact of TNF-α −1031T/C SNP on patients' overall survival: a differences in overall survival between groups of patients with CC and both TT and CT genotype; b differences in overall survival between groups of patients with C allele presence and TT homozygous patients the present study, we found that haplotype CC or the presence of C allele positivity are unfavorable factors associated with high risk of cachexia (9.70-fold and 13.29-fold higher risk) and poorer disease prognosis compared to TT genotype carriers. Moreover, patients carrying C allele demonstrated poorer nutritional status in terms of body mass, BMI, the result of laboratory tests and SGA scoring. We assumed that alterations of patients' nutritional status were correlated with TNF-α level intensifying the inflammatory response in the studied individuals. In fact, patients carrying the CC genotype had significantly higher plasma TNF-α concentration compared to both CT and TT genotype carriers (10.70 pg/mL vs 9.76 pg/mL and 9.08 pg/ mL, respectively) (p < 0.042). Most recently, Nourian et al. studied the −1031T/C SNP in patients with inflammatory bowel diseases (IBD). Interestingly, the authors found that CC haplotype was associated with genetic risk of IBD, and, moreover, mRNA expression of TNF-α was significantly higher in CC genotype carrying group compared to either CT or TT genotype carriers (Nourian et al. 2017 ). In the study of Negoro et al. high frequency of CC genotype of −1031T/C SNP was noted in patients with Crohn's disease compared to individuals suffering from ulcerative colitis and healthy controls (Negoro et al. 1999) . Similarly, Sanchez et al. demonstrated high prevalence of homozygous CC in the juvenile Crohn's disease patients (Sanchez et al. 2009 ). High prevalence of CC genotype in patients with inflammatory diseases is probably the result of the increased TNF-α plasma level, which was demonstrated in our study. Moreover, we found that the occurrence of either CC genotype or C allele positivity are both unfavorable prognostic factors in HNC patients. Patients with CC genotype had significantly higher risk of early death compared to ], p = 0.013)]. Our results are in accordance with Thiago et al. findings concerning AA of TNF-α −308G/A (Corrêaa et al. 2011) . Perhaps, similarly to other promoter SNPs of TNF-α, −1031T/C is a potential regulator of TNF-α protein expression. Regarding the other promoter polymorphisms of TNF-α, the T allele of −863A/T has been linked to fat tissue accumulation and reduction of TNF-α serum level followed by decreased BMI and low body mass. On the other hand, the presence of A allele positivity of −308G/A was associated with increased protein production in various inflammatory diseases (Sharma et al. 2006; Hoffstedt et al. 2000; Tan et al. 2011 ). In our study set, the CC genotype carriers of −1031T/C had the highest TNF-α plasma concentration followed by the reduction of body weight and significantly decreased BMI (< 18.5) as well as poorer laboratory test results (the lowest plasma TP and albumin concentration) compared to either CT or TT genotype carriers. One of the limitations of our study was the use of a subjective tool (SGA scale) to nutritional status and occurrence of cachexia assessment.
We found that the presence of C allele positivity, and, especially, carrying the CC haplotype are both related to high risk of cancer cachexia in HNC patients. We also found, that the studied SNP significantly correlated with the plasma level of TNF-α and truly reflected the patients' nutritional status. Moreover, TNF-α −1031T/C demonstrated its usefulness as a prognostic factor. Interestingly, despite the noted differences between SGA and NRS scoring, the occurrence of CC genotype was significant for both. It suggests high reliability of the studied SNP in objective assessment of patients' nutritional status. Moreover, independently from the nutritional intervention with the use of parenteral nutrition, the PN patients and WPM patients who carried CC haplotype had significantly higher risk of cachexia in contrast to other genotype carriers .55], p = 0.013). Probably, in the near future, patients burdened with CC genotype could be scheduled for pharmaceutical intervention with parenteral nutrition earlier; hence, they could be prevented from the development of severe malnutrition or cachexia. We are aware that our study was conducted on a small group of patients; therefore, the TNF-α −1031T/C should be further investigated in a larger study set to confirm its predictive and prognostic usefulness.
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